Hadron multiplicities at the LHC 
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(— I ' Abstract. We present the predictions for hadron multiplicities in pp, pA and AA 

'— ' i collisions at the LHC based on our approach to the Color Glass Condensate. 

^ ■ We expect that at LHC energies, the dynamics of soft and semi-hard interactions will 

^ ■ be dominated by parton saturation. In this short note we summarize our results for 

O ' hadron multiplicities basing on the approach that we have developed and tested at RHIC 

■ energies in recent years [1] ; a detailed description of our predictions for the LHC energies 
^ ■ can be found in Ref . [2] . In addition, we will briefly discuss the properties of non- linear 
O ' evolution at high energies, and their implications; details will be presented elsewhere 

^ ■ [3]. Our approach is based on the description of initial wave functions of colliding 

^ ■ hadrons and nuclei as sheets of Color Glass Condensate. We use a corresponding ansatz 

■ for the unintegrated parton distributions, and compute the inclusive cross sections of 
parton production using /c^-factorization. The hadronization is implemented through 
the local parton-hadron duality - namely, we assume that the transformation of partons 
to hadrons is a soft process which does not change significantly the angular (and thus 
pseudo-rapidity) distribution of the produced particles. Because of these assumptions, 
we do not expect our results be accurate for the transverse momentum distributions 
in AA colhsions, but hope that our calculations (see Fig. la) will apply to the total 
multiplicities. 

While our approach has been extensively tested at RHIC, an extrapolation of our 
calculations to the LHC energies requires a good theoretical control over the rapidity 
dependence of the saturation momentum Qs{y)- The non-linear parton evolution in 
QCD is a topic of vigorous theoretical investigations at present. Recently, we have 
investigated the role of longitudinal color fields in parton evolution at small x, and found 
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that they lead to the following dependence of the saturation momentum on rapidity [3]: 

(Y = Yo) exp (Y - Y, 



QiiY) 



(1) 



1 + BQUY = Yo) (exp(^ {Y -Yo)} - 1 

where B = 1/(32 vr^) {it R\/as); Ra is the area of the nucleus, and as is the strong 
coupling constant. At moderate energies, Eq describes an exponential growth of the 
saturation momentum with rapidity; when extrapolated to the LHC energy this results 
in the corresponding growth of hadron multiplicity, see curve "1" in Fig. lb). At high 
energies, Eq ([T]) predicts substantial slowing down of the evolution, which results in the 
decrease of hadron multiplicity as shown in Fig. lb) by the curve "2". In both cases, 
the growth of multiplicity is much slower than predicted in the conventional " soft plus 
hard" models, see Fig.l. We thus expect that the LHC data on hadron multiplicities 
will greatly advance the understanding of QCD in the strong color field regime. 
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Figure 1. a) Charged hadron multipUcity in Pb-Pb colUsions as a function of pseudo- 
rapidity at ^/s = 5.5 TeV; also shown are predictions from other approaches (from |2]); 
b) Energy dependence of charged hadron multiplicity per participant pair in central 
AA collisions for different approaches to parton evolution (curves 1 and 2); also shown 
is the logarithmic fit, dashed curve (from [3J). 
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